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Scrub typhus is one the most important re-emerging infectious disease, and perhaps, the 
most important bacterial disease. Caused by Orientia tsutsugamushi, it is transmitted through 
the bite of mites belonging to the genus Leptotrombidium, in which the bacteria are obligate 
parasites. Though the mites are natural ectoparasites of rodents and other animals, in which 
there is no disease, opportunistic infection to humans gives rise to a serious disease. Known 
to Japanese physicians as tsutsugamushi (insect disease), human infection is caused by the 
larvae of trombiculid mites, the fact established by Mataro Nagayo and co-workers estab¬ 
lished in 1917. The pathogen was discovered by Naosuke Hayashi in 1920. In Mizoram, the 
disease has been rampant since 2011. This paper summarises available data on the preva¬ 
lence of the infection in different districts base on collective information from various 
sources. Records between 2012 and 2018 show that over a thousand people had been in¬ 
fected and 35 people had died of the disease. 
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Introduction 

Scrub typhus has become arguably the most 
important bacterial disease in the world. It is 
caused by Gram-negative rickettsial bacteria 
called Orientia tsutsugamushi. Just like Augustus 
De Morgan rhyme, “Big fleas have little fleas 
upon their backs to bite ‘em, And little fleas 
have lesser fleas, and so, ad infinitum,” the bacte¬ 
ria are obligate parasites of trombiculid mites, 
which are in turn ectoparasites of animals such 
as birds, rodents and other mammals. In this 
ladder of life history, they are happy-going para¬ 
site with no ill intentions; but when infected 
mites bite accidental hosts such as humans, se¬ 
vere infections occur. They attack endothelial 


cells in the periphery as well as in the brain, but 
it also can be found in professional phagocytes 
such as macrophages of the liver and spleen. 1 As 
a consequence, clinical manifestations are pre¬ 
sented by febrile fever, headache, myalgia, lym- 
phadenopathy, and skin rash. In cases of misdi¬ 
agnosis and failure of treatment, systemic com¬ 
plications rapidly develop including septic 
shock, acute respiratory distress syndrome, 
acute renal failure, meningitis, myocarditis, gas¬ 
trointestinal bleeding, and multi-organ dysfunc¬ 
tions. 2 - 3 

The bacteria are oval shaped and measure 1.2 
-3.0 \im in length and 0.5-0.8 \im in width. Adap¬ 
tation to obligate parasitism resulted in reduced 
genome to about 2.4-2.7 Mb, which as it stands 
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is the most highly repeated bacterial genome 
sequenced. There are more than 30 antigenically 
different strains apart from the six important 
prototype serotypes - Gilliam, Karp, Kato, Shi- 
mokoshi, Kawasaki, and Kuroki. 4 They naturally 
infect trombiculid mites, of which Leptotrombi- 
dium deliense and L. akamushi are the two most 
important hosts. A continuum of transmission is 
maintained in the mite population, from adult to 
their eggs (transovarial transmission), and 
thence to larvae and adults (transstadial trans¬ 
mission). 1 The larvae, commonly referred to as 
chiggers, are the reservoirs and vectors as they 
are the only vertebrate-feeding stage. They nor¬ 
mally feed on the extracellular body fluid of 
small mammals such as rodents; and wild rats 
of the species Rattus are the principal natural 
hosts. But the chiggers are opportunistic feeders 
and often attack birds and mammals, including 
humans. 5 

Clinical symptoms of scrub typhus are not 
specific, and are known to cause acute undiffer¬ 
entiated febrile illnesses, which are similar to 
those of malaria, leptospirosis, typhoid and den¬ 
gue, making the infections difficult to diagnosed 
from the symptoms. For this confusion and diffi¬ 
culty in diagnosis, mortality at some point 
soared to 24%. 2 A dark, scab-like circle at the site 
of the chigger bite known as eschar is consid¬ 
ered a valuable diagnostic clue, 6 but is not pre¬ 
sent or identifiable in most cases, and moreover, 
is by no means unique to scrub typhus - spotted 
fever and rickettsialpox also are indicated by 
eschar. Blood tests are also limited by non¬ 
specificity of the blood-bacteria (antibody- 
antigen) reaction, and sensitive immunological 
and molecular tests are expensive for mass diag¬ 
nosis, particularly in endemic areas. For such 
problematic identification, the World Health 
Organization (WHO Recommended Surveillance 
Standards, 1999) had acknowledged that: 

"Scrub typhus is probably one of the most under¬ 
diagnosed and underreported febrile illnesses 
requiring hospitalization in the region. The ab¬ 
sence of definitive signs and symptoms com¬ 
bined with a general dependence upon serologi¬ 
cal tests make the differentiation of scrub typhus 


from other common febrile diseases such as 
murine typhus, typhoid fever and leptospirosis 
quite difficult." 7 

Origin and Etymologies 

Scrub typhus as a disease was known in 3 rd 
century A.D. in China as indicated by legends 
and folktales. Japanese were more specific and 
familiar with the link between the infection and 
mites. They had given various names such as 
Nippon/Japanese river fever, akamushi (red 
mite) or kedani (hairy mite) disease of northern 
Japan, and most popularly as tsutsugamushi 
disease (Japanese tsutsuga means fever or harm 
or noxious, and mushi means bug or insect). 
Japanese physician Hakuju Hashimoto was the 
first to give a medical account of the disease 
from Niigita prefecture in 1810. He recorded the 
disease that he referred to as “tsutsuga” among 
the inhabitants of the banks of the upper tribu¬ 
taries of Shinano river. 8 The first report to the 
Western world was made by Theobald Adrian 
Palm, a physician of the Edinburgh Medical Mis¬ 
sionary Society at Niigita, in 1878. He used the 
local name of the disease “shima-mushi”, which 
he rendered in English as “island-insect dis¬ 
ease”. 9 

The name scrub typhus was given for the 
scrub vegetation of secondary growth in tropical 
regions as a result of clearing the primary forest 
where they (are believed to) originate. Coining 
the English name in 1929, William Fletcher, J. E. 
Lesslar and Raymond Lewthwaite at the Insti¬ 
tute for Medical Research, Kuala Lumpur, F.M.S. 
Malaysia, wrote: 

The distribution of the K. form is very different 
from that of the W. form, which was later identi¬ 
fied to be endemic typhus, it is essentially a dis¬ 
ease of the open country and affects outdoor 
workers. It has a patchy distribution and out¬ 
breaks occur particularly in areas which, after 
being cleared of jungle, are allowed to grow up 
in weeds and scrub. For this reason, we propose 
the name scrub-typhus for the K. form of tropical 
typhus. Some of the cases of typhus-like diseases 
described in India are probably the same as 
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scrub-typhus. 10 

The agent of scrub typhus, Orientia t sutsuga- 
mushi, stands out among rickettisial or any other 
Gram-negative bacteria in having a cell wall that 
lacks lipophosphoglycan and peptidoglycan, 
which are otherwise hallmarks of bacteria. Its 
behavioural peculiarity caused much confusion 
as to its biological nature. It was first identified 
by Naosuke Hayashi at the Aichi Medical Col¬ 
lege, Nagoya, Japan, in 1920. Noticing peculiar 
“granular bodies” inside the red blood cells, lym¬ 
phoid cells and in the blood plasma of infected 
patients, he concluded that these bodies were 
protozoans, the etiological agents of scrub ty¬ 
phus, remarking: 

I have reached the conclusion that the virus of 
the disease is the species of Piroplosmo a proto¬ 
zoan in question. Among various species of Piro¬ 
plosmo, the cause of African cattle fever, Thiel- 
erio parva, (see Gonder, 1911), seems closely 
allied to the forms found in Tsutsugamushi dis¬ 
ease, on account of morphological similarity, and 
of affinities for lymphocytes or endothelial 
cells... I consider the organism in Tsutsugamushi 
disease as a hitherto undescribed species, and at 
the suggestion of Dr. Henry B. Ward designate it 
as Theileria tsutsugamushi . n 

Noting the major difference from protozoans, 
the name Rickettsia orientalis was introduced in 
1930 by Mataro Nagayo and colleagues, who 
demonstrated the infection in the anterior 
chamber of the eye of the rabbit, and recognised 
the “virus” as member of the bacterial genus 
Rickettsia. 12 ’ 13 (R. prowazekii was the first 
rickettsial bacteria discovered, described by H. T. 
Ricketts and Russell M. Wilder in 1910. In 1916, 
Henrique da Rocha-Lima gave the name in hon¬ 
our of the pioneer Ricketts and his colleague 
Stanislaus Josef Mathias von Prowazek. 14 - 15 ) 
Rinya Kawamura and Yoso Imagawa inoculated 
the pathogen in the testicle of rabbits from 
which they confirmed the Rickettsia-like nature, 
and introduced the name Rickettsia akamushi in 
1931. At the same time, Norio Ogata also gave 
the name Rickettsia tsutsugamushi, which he had 


identified in 1928 from experimental infection of 
rabbit testicle. 16 This name was accepted as a 
valid name for several decades. Akira Tamura 
and colleagues discovered novel properties of 
the scrub typhus bacterium such as thicker leaf¬ 
let of the cell wall, peptidoglycan and lipopoly- 
saccharide, such as muramic acid, glucosamine, 
hydroxy fatty acids, and 2-keto-3-deoxyoctonic 
acid. These features warrantee significant devia¬ 
tion from Rickettsia and designation of a novel 
genus. In 1995, they created Orientia tsutsuga¬ 
mushi 17 crediting the geographical region and 
language of its original discovery. 

The Mite Story 

A systematic mite theory of the transmission 
of tsutsugamushi disease was formulated by 
Taichi Kitashima and Mikinosuke Miyajima in 
1908. 18 In 1915, Hirst reported that the larval 
forms of trombiculid mites occurring in Japan 
are capable of transmitting Kedani or river fever. 
He reported the larvae of Microtrombidium aka¬ 
mushi present on the ears of field mice, thereby 
suggesting that mites carry and transmit the 
infection. 19 (French zoologist Emile Brumpt had 
described mite species in 1910 as Trombidium 
akamushi having seen only the larval speci¬ 
mens.) Back then the nature of the infectious 
agent was not yet resolved, and hence often re¬ 
ferred to as either virus or protozoan of some 
sort. Miyajima and T. Okumura demonstrated 
the complete life cycle in 1917. They found that 
the larva is naturally attracted to field mice. 
They also experimentally infected Japanese 
monkey by letting the larval mites bite; and the 
monkeys developed severe symptoms of the 
infection. They named the mite as Leptus Aka¬ 
mushi. 18 In 1917, Mataro Nagayo and colleagues 
gave the first complete description of the devel¬ 
opmental stages such as egg, nymph, larva, and 
adult; and noted that the larva is the carrier of 
tsutsugamushi disease in man. They observed 
that the nymph and adult do not bite humans or 
mammals. 20 

Hayashi successfully induced infection from 
human patients to guinea pigs in 1917. He ob¬ 
served granular bodies in the infected lymphoid 
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tissue. 21 That the larvae only feed they presume 
it was on blood once in each stage, and that 
adult also carried the “virus” indicating transta- 
dial transmission in mites was reported by Na- 
gay and co-workers in 1918. 22 Jura Hatori estab¬ 
lished in 1919 that the transmitter of the virus is 
a mite, apparently identical with the Japanese 
species, which he referref to as Trombidiam 
( Trombicula ) akamushi. The natural hosts of this 
parasite include M us rattus rufescens (common 
house rat of the island), M. decamanus, M. muscu- 
lus,. agrarius, etc., and such insectivores as Cro- 
cidura muschata. He further established that 
mites acquire the virus in the adult stage and 
transfer it to their offspring and that the spread 
of the mites is chiefly due to the migration of 
their hosts, such as rodents, etc. But he failed to 
identify the pathogen. 23 By 1921, it was estab¬ 
lished that T. akamushi can parasitise a range of 
animals including, rats, mice, buffalos, dogs, 
cats, monkeys, and birds. 24 E. Walch described a 
new species of mite Trombicula deliensis in 1922 
from Indonesia, as a vector for Japanese river 
fever. 25 In 1923, he demonstrated that out of sev¬ 
eral species of Trombicula , on three species, 
namely T. pseudoakamushi, T. schuffneri and T. 
deliensis do attack humans; and that T. deliensis 
was the principal carrier of the infection and 
that was found on rats. 26 

Rinya Kawamiira and Yoso Imagawa were 
the first to show that the Rickettsia “virus” are 
stored in the salivary glands of mites, and that 
mites feed on body (lymph) fluid as indicated by 
predilection of the pathogens in the lymph 
glands draining the area of the site of the pri¬ 
mary sore or mite bite. 27 They were also the first 
to discover the Rickettsia bodies in the salivary 
glands of larval mites collected from infected 
field mice, thus establishing the facts beyond 
doubt that Rickettsia is the causative agent of 
tsutsugamushi and that mite larvae are the vec¬ 
tors. 28 Important discoveries made by Charles 
Nicolle (who won the Nobel Prize in Physiology 
or Medicine 1928 for his discovery of lice as the 
vectors of typhus) and his student Helene Spar¬ 
row led to better understanding of the transmis¬ 
sion of scrub typhus. In 1934, they reported that 
continuous infection could maintained from one 


rat to another, and symptoms never developed 
in rats; in contrast, inoculation in monkeys pro¬ 
duced severe symptoms. The serum of some of 
the infected monkeys reacted to form aggluti¬ 
nins with Proteus OXK, but not 0X19. Lice and 
fleas ( Xenopsylla cheopis ) fed on infected mon¬ 
keys harboured viable “virus”; but only fleas 
could transmit during biting. 29 

Infestation in Mizoram 

Now, I will try to make a collective report of 
scrub typhus cases in Mizoram through publicly 
available sources (Table 1 and 2). Fatal infec¬ 
tions due to unspecified insect bite were known 
towards the end of the first millennium and be¬ 
ginning of the second millennium. The saga 
started with rumours and undescribed medical 
conditions. In 2011, senior physician Thang- 
chungnunga wrote about deaths due to some 
unknown insect bite. 30,31 The same year, there 
was a clinical case at Champhai Hospital. A 
woman had severe attack of fever, and went to 
Champhai Hospital for diagnosis. The doctor 
there noted a dark scab on her body, but the 
doctor simply remarked that the birthmark - 
which most likely would have been an eschar - 
appeared to be growing, and dismissed the case 
as generic fever. Then, the fever struck with ut¬ 
most severity and the patient fell unconscious. 
When she was taken to the MED-AIM Adventist 
Hospital, the vital signs were already gone. But 
with resuscitation, she was saved and survived 
the ordeal. As the case was discussed, it was 
retrospectively realised that at least 3 patients 
has similar conditions in the past, and at least 3 
had died of similar conditions. It was then seri¬ 
ously suspected that scrub typhus was in 
Mizoram. 32 

The first medical records started in 2012 
when the Health and Family Welfare Depart¬ 
ment, Government of Mizoram, launched the 
Integrated Disease Surveillance Programme. 
There is a vague reference of “Scrub typhus (The 
first clinical case report from Mizoram, India)” in 
2011 at the 49th annual meeting of the Infec¬ 
tious Diseases Society of America (IDSA) in Bos¬ 
ton, by George M. Varghese and Dilip Mathai 
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Table 1 | District-wise incidence of scrub typhus in Mizoram. Data compiled from various sources. Discrepancies 


(reports of IDSP are contradictory) are reconciled as far as possible. 


District/Place 




Incidence per year 




2012 

2013 

2014 

2015 

2016 

2017 

2018 

Aizawl East 

98 

28 

85 

35 

0 

81 

0 

West 

112 

54 

49 

23 

0 

0 

0 

Lunglei 

0 

47 

38 

3 

0 

0 

162 

Saiha 

9 

10 

2 

0 

0 

0 

0 

Champhai 

20 

26 

4 

0 

41 

0 

0 

Kolasib 

6 

0 

0 

0 

0 

0 

0 

Serchhip 

4 

3 

0 

0 

0 

0 

0 

Mamit 

3 

7 

0 

0 

0 

0 

0 

Lawngtlai 

0 

0 

1 

0 

0 

0 

0 

Referral Hospital 

0 

0 

0 

52 

0 

0 

0 

Total 

252 

175 

179 

113 

41 

81 

162 

Table 1 | Fatality cases due to scrub typhi 

us in Mizoram compiled from various sources. 



District/Place 

2012 

2013 

Fatality cases per year 
2014 2015 

2016 

2017 

2018 

Aizawl East 

5 

2 

2 

3 

0 

3 

0 

West 

9 

0 

1 

2 

0 

0 

0 

Lunglei 

0 

2 

1 

1 

0 

0 

0 

Saiha 

0 

0 

0 

0 

0 

0 

0 

Champhai 

2 

0 

0 

0 

0 

0 

0 

Kolasib 

0 

0 

0 

0 

0 

0 

0 

Serchhip 

0 

0 

0 

0 

0 

0 

0 

Mamit 

0 

0 

0 

0 

0 

1 

0 

Lawngtlai 

0 

0 

0 

0 

0 

0 

0 

Referral Hospital 

0 

0 

0 

1 

0 

0 

0 

Total 

16 

4 

4 

7 

0 

4 

0 


from the Christian Medical College, Vellore, 
Tamil Nadu. No such record is available with 
IDSA; although Varghese, Mathai and others did 
presented a paper “Scrub Typhus: Clinical and 
Laboratory Manifestations, Genetic Variability 
and Outcome” at CMC, but no mention of 
Mizoram. 33 ) According to the 2017 official publi¬ 
cation of the IDSP, there were 907 confirmed 
cases of scrub typhus in Mizoram between Janu¬ 
ary 2012 and July 2017; with the total fatality 
amounting to 34. 34 Presenting slightly different 
epidemiology, IDSP entomologist Lalfakzuala 
Pautu stated that as of 2017, 985 people had 
scrub typhus, and 37 had died. 35 There were 252 
cases in Mizoram in 2012.16 of them died, out of 
which 14 were in Aizawl district and 2 were in 


Champhai district. 36 

In 2013, Vanlalrengpuia, Medical Officer at 
Khawbung, a village in Champhai district, en¬ 
countered several febrile illnesses at the Primary 
Health Centre. He confirmed that 6 of them had 
scrub typhus. 37 It was then obvious that there 
was annual recurrence of the infection in 
Mizoram, and infection spread from one place to 
another. By 2015, record raised to 715 cases, with 
31 fatality. 38 In 2016, there was an outbreak at 
Khawbung village in Champhai district, where 
41 people were tested positive. Fortunately, all 
received medical treatment and survived. 39 

There was a huge commotion of infection in 
2015 in Aizawl, the capital city of the state. Fol¬ 
lowing the outbreak, 76 cases were examined at 
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Hunthar Veng in November. An investigative 
report of the IDSP Nodal Officer Lalmalsawma 
Pachuau declared that the it was not the case of 
scrub typhus, but a febrile inflammation due the 
bite of rove beetles, and that it was not lethal. 40 
Although the false alarm was clinically proven, 
the media reports mentioned the causative as 
insect bite, which is factually not true. Rove bee¬ 
tles do not bite to induce inflammation. But they 
contain toxin called paederin. When they are 
accidentally brushed or crushed by humans, 
they excrete the toxin in their heamolymph. 
Paederin is an amide and is more potent than 
cobra venom. 41 

The first and only seroprevalence report was 
in 2017. The study conducted between October 
2014 and November 2016 at Synod Hospital, Ai- 
zawl, revealed that out of 4081 human blood 
samples examined, 6.9% (n = 283) were positive 
in rapid-ICT test. 42 

Winter of 2017-2018 saw unprecedented out¬ 
breaks. Initial report indicated that outbreak 
started in December 2017 at Phullen village in 
Aizawl district, 47 people were infected claiming 
one person’s life. 43 According to the official re¬ 
port on 5 January 2018, another 8 cases were 
diagnosed. 44 According to official IDSP news an¬ 
nouncement, a total of 81 cases were rconfirmed 
at Phullen and surrounding villages such as 
Luangpawn, Thanglailung and Zawngin. 45 ’ 46 

Another wave of infection buffeted Lunglei 
district around the same time. Initial report 
claimed 33 cases with 3 mortalities at Haulawng 
village. Mass diagnosis by IDSP team confirmed 
additional 45 cases in January 2018. 47 According 
to Pachuau, infection was experienced in the 
village in early January. By the end of January, at 
least 161 people were infected at Haulawng and 
the neighbouring villages. 48 But according to 
Pautu, 162 cases were diagnosed in January 
2018. 35 

Summing up the records, Lai Thanzara, Min¬ 
ister of Health and Family Welfare, reported at 
the Mizoram Legislative Assembly in March 2018 
that 540 cases were confirmed during 2017-2018; 
4 people died, 3 of them were from Aizawl dis¬ 
trict, and one from Mizoram-Tripura-Bangladesh 
border at Mamit district. He said that were found 


to be infected with the scrub typhus. 49 The infec¬ 
tion was indiscriminate; R. Lalzirliana, Minister 
of Home Affairs, was diagnosed with scrub ty¬ 
phus at Aizawl Civil Hospital in January 2018. 50 
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Introduction 

Radon ( 222 Rn) is a natural radioactive gas, 
which is produced from radium ( 224 Ra) and 
which in turn is a decay product of uranium 
( 238 U), is continually formed in soil and released 
to the air through the processes called emana¬ 
tion and exhalation. 1 ' 5 It is now widely under¬ 
stood that the most important component of 
radiation exposure to the public is due to the 
inhalation of indoor radon, thoron and their de¬ 
cay products. Even more significant is that the 
estimated level of health risk associated with 


average indoor radon levels is much higher than 
those due to other environmental carcinogens. 
Monitoring in various countries 6 yields average 
residential 222 Rn concentrations ranging from 10 
to 100 Bq/m 3 . The indoor concentration and its 
decay products depends on three factors; the 
entry or production rate from various sources, 
the ventilation rate and the rates of chemical or 
physical transformation or removal. 

The main sources of indoor radon, thoron 
and their decay products are the soil-gas, miner¬ 
als and rocks in the earth's crust, building mate¬ 
rial and ground water. Type of houses, ground 
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soil, ventilation rate, atmospheric pressure and 
temperature affects the equilibrium factor, 7 
which also has a significant role in indoor gas 
measurements. Radon’s daughter elements can 
be hazardous than radon itself unless it is con¬ 
centrated in an enclosed space. 8 As radon gas is 
inhaled, densely ionizing alpha particles emitted 
by the short-lived (3.82 days) decay products of 
radon ( 212 Po and 214 Po) can interact with biologi¬ 
cal tissue in the lungs leading to DNA damage 
and results into lung cancer. 9 The world average 
of annual effective dose to the human by natural 
radiation is 2.4 mSv/y and about half of which is 
due to internal exposure to progenies of radon 
and thoron. 10 Thus, it is of fundamental impor¬ 
tance to measure their concentration correctly. 

In the present study, passive measurement 
technique of radon and thoron has been fol¬ 
lowed, using solid state nuclear track detector 
(SSNTD) LR-115, type-ll based twin cup dosime¬ 
ter with single 11 and double entry. 12-13 These do¬ 
simeters were developed in Bhabha Atomic Re¬ 
search Centre (BARC), Mumbai. 

Materials and Methods 

Dosimeters 

The twin cup dosimeter with double entry 
consists of a cylindrical plastic chamber divided 
into two equal compartments, each having a 


length of 4.1 cm and height 3.1 cm. The LR-115 
type II films are then inserted at the compart¬ 
ments. The SSNTD placed in one compartment 
measures radon alone which diffuses into it 
from the ambient air through a semi-permeable 
membrane of 25 pm thickness. It allows the 
build-up of about 90% of the radon gas in the 
compartment and suppresses thoron gas con¬ 
centration by more than 99%. On the other hand, 
the glass fiber filter paper of thickness 0.56 mm 
in the other compartment allows both radon 
and thoron gases to diffuse in and hence the 
tracks on SSNTD placed in this chamber are re¬ 
lated to the concentrations of both the gases. 
However, the estimation of the gas concentra¬ 
tions using this dosimeter was based on the as¬ 
sumption of the same entry rate of the gases 
into the two cups of the dosimeter, which may 
not be valid for dosimeters deployed in turbu¬ 
lent environmental conditions. To overcome this 
limitation, a new pin-hole based 222 Rn/ 220 Rn dis¬ 
criminating measurement device has been de¬ 
veloped (Fig. 1). 

The new design of this dosimeter system has 
two compartments separated by a central pin¬ 
holes disc made up of High Density Polyethylene 
(HDPE) material, acting as 220 Rn discriminator. 
Each chamber has a length of 4.1 cm and radius 
of 3.1 cm (same dimensions as in the twin cup 
dosimeter. 14 The first compartment (named as 
‘radon + thoron’ chamber) samples ambient air 
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Figure 1 | Double entry dosimeter. 


Figure 2 | Single entry dosimeter. 
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at the entry of which, the particulates are re¬ 
stricted by using a filter paper. The air contain¬ 
ing radon and thoron from this compartment 
diffuses to the second compartment (named as 
“radon” chamber) through four pin-holes of 0.5 
mm radius, acting as a diffusion barrier that cuts 
off the entry of thoron into this chamber due to 
its short half-life (55.6 s). Hence, only radon en¬ 
ters into this compartment. The tracks regis¬ 
tered in LR-115 placed in first and second cham¬ 
ber are corresponding to the radon + thoron and 
radon concentration in the atmosphere respec¬ 
tively. 

Salient features of the device include (i) the 
pinholes act as 222 Rn/ 220 Rn discriminator and 
eliminate the requirement of membrane filter 
used in the earlier twin cup design (ii) the single 
entrance design for gas transmission and (iii) 
use of multiple pinholes of reasonably small ra¬ 
dius minimises effect of turbulence on 
222 Rn/ 220 Rn transmission factors so that the cali¬ 
bration factor is independent of indoor turbu¬ 
lence. 

Measurements 

The two types of dosimeter with LR-115 type- 
II plastic track detectors (SSNTDs) kept inside 
them was deployed side by side in 50 dwellings 
of 8 different villages of Lawngtlai and Saiha 
districts, Mizoram India from 10 January 2017 to 
10 May 2017. Due to maximum occupancy, bed 
rooms were chosen for deployment of the do¬ 
simeters. The GPS co-ordinates have also been 
recorded for each dwelling in which dosimeters 
were installed for proper location assessments. 
The dwellings in each village were selected on 
the basis of gamma readings as well as construc¬ 
tion type of the buildings. 15 

After four months of exposure in dwellings, 
the detectors were removed and subjected to 
chemical etching in 2.5 N NaOH solutions at 60°C 
for 90 minutes in a constant temperature bath. 
Then these films were washed and dried. The 
track density was obtained by using the stan¬ 
dard spark counter (Model PSI-SC1) with operat¬ 
ing voltage (500 V) and the pre-sparking voltage 
(900 V) of the spark counter, which has been es¬ 


tablished before these measurements. 16 

Calculation 

Formula used for calculating radon concen¬ 
tration from the track density of radon chamber 
of the dosimeter. 

C R (Bqlm 3 ) = 

CFxT 

where C R is the radon concentration and T R is the 
tract density of films in radon chamber. T is the 
exposure period in days. Calibration factor 11 (CF) 
used are 0.0172 ± 0.002 for single entry dosime¬ 
ter and 0.021 ± 0.0004 for dual entry dosimeter 14 . 

Formula used for calculating thoron concen¬ 
tration from the track density of radon + thoron 
chamber of the dosimeter. 


where C T is the thoron concentration, T F is the 
track density of films in radon chamber and T P is 
that for radon + thoron chamber. T is the expo¬ 
sure period in days. Calibration factor 11 (CF) used 
are 0.010 ± 0.001 for single entry dosimeter and 
0.019 ± 0.002 for dual entry dosimeter. 14 

Result and Discussion 

Figure 3 show the comparison graph for the 
concentration of indoor radon measured with 
single and double entry twin cup dosimeters. 
The radon concentration measured with the sin¬ 
gle-entry dosimeter range from 27.09-206.29 Bq/ 
m 3 with the average value of 75.76 Bq/m 3 , GM of 
69.58 Bq/m 3 , SD of 34.67 and GSD of 1.49, 
whereas double entry dosimeter registers the 
concentration range of 32.42-109.06 Bq/m 3 with 
the average value 63.47 Bq/m 3 , GM of 61.52 Bq/ 
m 3 , SD of 16.21 and GSD of 1.28. The single-entry 
dosimeter registers higher concentration value 
in 60% of the dwellings where the two types of 
dosimeter are deployed. 

Figure 4 shows the comparison graph for the 
concentration of indoor thoron measured with 
single and double entry twin cup dosimeters. 
The thoron concentration measured with the 
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Sampling Sites 


Figure 3 | Radon concentration from single and double entry dosimeter. 



Sampling Site 

Figure 4 | Thoron concentration from single and double entry dosimeter. 



Seasons 

Figure 5 | Seasonal variations of radon/thoron using single entry twin cup dosimeter. 
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single-entry dosimeter range from 17.98-177.97 
Bq/m 3 with the average value of 89.34 Bq/m 3 , GM 
of 76.93 Bq/m 3 , SD of 44.31 and GSD of 1.81 
whereas double entry dosimeter registers the 
concentration range of 1.78-68.69 Bq/m 3 with the 
average value 23.48 Bq/m 3 , GM of 16.88 Bq/m 3 , 
SD of 17.18 and GSD of 1.68. The single-entry 
dosimeter registers higher concentration value 
in all of the dwellings where the two types of 
dosimeter are deployed. The high value of radon 
and thoron concentration registered are all in 
full concrete type of building with one of the 
walls adjacent to the soil. 

Our result shows that indoor concentration 
of radon and thoron register by the single-entry 
dosimeter is comparatively higher than those of 
the double entry dosimeter. At the same time, 
the size and dimension of pin-hole in single cup 
dosimeter were exactly as specified. However, 
the manufacturer’s defect was seen in some of 
the double entry twin cup dosimeters where the 
size of pin hole was not regular, but tapering at 
the end. The error made with the assumption of 
equal entry of the gas in both sides of the double 
entry dosimeter and the ventilation system of 
dwellings may not play much role in this the gas 
concentration while the dosimeters are de¬ 
ployed. 

Besides, it is also found that single entry do¬ 
simeters data 17 obeys the trend that is expected 
for seasonal concentration of the gases (Fig. 5) 
uiz. it is highest in winter followed by summer 
and lowest in rainy season where we do not 
have such observation in previous data. 18 

Thus, we have concluded that for passive 
long time integrated method of measurement, 
the use of single-entry cup dosimeter may be 
more reliable than that of double entry dosime¬ 
ter. 
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The study was performed to investigate the quantity of cholesterol level in the commonly 
consumed fats and oils in Mizoram, and further assessed, whether or not it is of risk to coro¬ 
nary heart diseases (CHD). Samples collected include mustard oil (Vimal), butter (Amul), dalda 
(Vanaspati), ghee (Amul and Vanaspati), refined oil (Best Choice, Dhara, Nutrela, and Gokul), 
coconut oil (Parachute), olive oil and palm oil. Performing the experiment gives a result 
where palm oil was found to contain highest level i.e. 804.5 mg/L and coconut oil (Parachute) 
has the lowest i.e. 179 mg/L. Daily requirements of cholesterol is estimated to be approxi¬ 
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individual. 
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Introduction 

Cholesterol from food is hard to get away 
from, even though one may be watching his/her 
diet. All foods of animal origin contain choles¬ 
terol, including eggs, red meat, and shrimp. Gen¬ 
erally, foods that are high in saturated fats or 
trans fats should also be limited. These include 
foods you may not even think of, such as grilled- 
cheese sandwich, margarine, potato with butter 
and chicken pot pie. As we eat, cholesterol from 
food is absorbed by our digestive tract. It then 
makes its way into our liver and can circulate 
through our body in the bloodstream. 1 Choles¬ 
terol, a lipid plays a vital role in the physiologi¬ 


cal regulations of membrane fluidity and proper 
functioning of cells. It is also a major precursors 
in the production of bile acids, steroids hor¬ 
mones as well as vitamin D. Cholesterol found 
in the cell membranes of the cells, has been of 
great medical importance in recent years be¬ 
cause its high level in the body has been associ¬ 
ated with coronary heart diseases. Coronary 
heart disease (CHD) is a leading cause of death 
in most industrialized countries and its impor¬ 
tance as a major health problem is increasing in 
developing countries. 2 

Keeping total fat intake low is an important 
way to lower cholesterol and reduce the risk of 
other chronic diseases. Animal products, includ- 
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ing meat and dairy products, as well as fried 
food and vegetable oils are all loaded with fat. 
The most important piece of information to look 
for is the percentage of calories from fat. 3 There¬ 
fore, to check the percentage of calories of fats, 
edible oils as being the common source are 
taken into consideration. Industrial processing 
especially catalytic hydrogenation of vegetable 
oils affects their fatty acid composition Process¬ 
ing increases saturated fatty acid component of 
oils. Saturated fatty acid rich diets have been 
found to increase the level of cholesterol. 4 

But what is often not realized is that a much 
bigger source of cholesterol is body itself. About 
1 g of cholesterol is daily synthesized in the 
body and all the 27 carbon atoms of cholesterol 
are synthesized from acetyl-COA. 5 Intake of cer¬ 
tain fats such as saturated fats, which are pre¬ 
sent in animal fat and which solidify in winter, 
such as coconut oil, palm oil and hydrogenated 
oils (Vanaspati) raise the cholesterol level. On 
the other hand, taking vegetable oils known as 
poly-unsaturated fats like safflower oil, mustard 
oil and sunflower oil lower the cholesterol. This 
is also done by taking mono-unsaturated fats 
like olive oil. 6 


bermann-Burchard reagent. 7 Standard choles¬ 
terol solution used was 2 mg/ml as stock solu¬ 
tion. Liebermann-Burchard reagent was pre¬ 
pared with 7 ml concentrated sulfuric acid and 5 
ml glacial acetic acid and was covered with 
black paper and kept in ice bucket in dark place. 

Six volumetric flasks were marked as si, s2, 
s3, s4, s5 and s6. Standard cholesterol solution 
was added as 0.4, 0.6, 0.8, 1.0 and 1.2 ml in five 
volumetric flasks whereas, flask six was kept 
blank. Two ml of the Liebermann-Burchard re¬ 
agent were added to all six volumetric flasks and 
diluted to final volume of 10 ml with chloroform 
(Table 1). Flasks were covered with black carbon 
paper and kept in dark for 15 min. Then, set zero 
of spectrophotometer with blank (s6) at 640 nm. 
The absorbance of all standards (six flasks) were 
determined on UV/Vis spectrophotometer 
(Thermo Scientific, Empower software) and 
standard graph was plotted (Figure 1). Three ml 
of sample solutions were taken and their ab¬ 
sorbance were determined on UV/Vis spectro¬ 
photometer after adding 1 ml oil sample, 2 ml 
Liebermann-Burchard reagent and 7 ml chloro¬ 
form. Cholesterol concentration of sample solu- 


Materials and Method 

Sources of edible vegetable oils sold in mar¬ 
ket of Aizawl include mustard oil (Vimal), butter 
(Amul), dalda (Vanaspati), ghee (Amul and Va¬ 
naspati), refined oil (Best Choice, Dhara, Nutrela, 
and Gokul), coconut oil (Parachute), olive oil and 
palm oil. Samples of ten brands of edible oils 
were collected. Samples of two non-branded 
vegetable oils are were purchased from Aizawl 
in which they are produced in small scale. 

Cholesterol estimation 
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Cholesterol content was estimated using Lie- Figure 1 | Standard curve of cholesterol. 


Table 1 | Lieberman-burchard method for cholesterol estimation. 


Reagents (ml) 

SI 

S2 

S3 

S4 

S5 

S6 

Standard cholesterol solution 

0.5 

1 

1.5 

2 

2.5 

- 

Lieberman-Burchard reagent 

2 

2 

2 

2 

2 

2 

Chloroform 

4.5 

4 

3.5 

3 

2.5 

5 
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Table 2 | Cholesterol content of the samples. Data analyzed by one-way ANOVA followed by Tukey-Kramer test for 


n=3. 


SI no 

Samples 

MeanlSEM 

Cholesterol content 
(mg/L) 

1 

Best Choice refined soya bean oil 

0.685±0.264 

342.5 

2 

Dhara refined soya bean oil 

0.804±0.146 

420 

3 

Nutrela refined soya bean oil 

0.949±0.050 

474.5 

4 

Gokul soya bean oil 

0.628±0.235 

314 

5 

Vimal mustard oil 

0.81810.112 

409 

6 

Olive oil 

1.43611.150 

718 

7 

Parachute coconut oil 

0.35810.198 

179 

8 

Palm oil 

1.60910.314 

804.5 

9 

Amul butter 

0.52510.152 

262.5 

10 

Amul ghee 

0.42210.221 

211 

11 

Vanaspati ghee 

1.07410.879 

537 

12 

Vanaspati dalda 

0.44010.305 

220 


tions was determined (Table 2) using a standard 
curve constructed graphically plotting the ab¬ 
sorbance against mg/1 cholesterol. 

Acid value 

Each oil sample (1.0 g) was weighed and dis¬ 
solved with 50 ml of ethanol in a conical flask. 
Two drops of phenolphthalein indicator were 
added and titrated to pink end point (which per¬ 
sisted for 15 minutes) with 0.1 N potassium hy¬ 
droxide solution (KOH). Acid value was calcu¬ 
lated by the equation: 

Acid value = 56.1 x V x C 
M 

Where 56.1 is equivalent weight of KOH, V is the 
volume in ml of standard volumetric KOH 
solution used, C is the exact concentration 
in KOH solution used (0.1 N); m is the mass in 
grams of the test portion (1 g). 2 

Saponification value 

Saponification value was determined accord¬ 
ing to titremetric method. 8 2 grams of oil sam¬ 
ples were weighed into a conical flask and 25 ml 
ethanolic potassium hydroxide was added. The 


solution was refluxed for 2 h with time to time 
shaking. 1 ml phenolphthalein was added and 
titrated with 0.5 N hydrochloric acid (HC1). The 
same process was conducted for blank determi¬ 
nation. The value was calculated as follows: 

Saponification value = 56.1 x (V n-V d x G 

m" 

Where 56.1 is equivalent weight of KOH, V 0 is 
the volume in ml of standard HC1 solution used 
for the blank test, V a is the volume in ml of the 
standard HC1 solution used for sample, C is the 
exact concentration of the standard HC1 (0.5 N) 
solution and m is the mass in gram of the test 
portion (2 g). 

Peroxide value 

Peroxide value was evaluated according to 
AOCS official method. 9 5 grams oil samples were 
weighed into a conical flask and 30 ml of solvent 
mixture of glacial acetic acid-chloroform in the 
ratio of 3:2, respectively, were added to the oil 
samples. Half ml saturated potassium iodide (KI) 
solution was added to the solution and allowed 
to stand for 1 min thereafter, 30 ml of distilled 
water were added and titrated with 0.01 N so¬ 
dium thiosulfate solution using starch indicator 
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until the yellow color was discharged. A blank 
was prepared alongside the oil samples. Perox¬ 
ide value was calculated. 

Peroxide value = 10 x (Vi-V j 
M " 

Where V a is the volume of Na 2 S 2 0 3 for determi¬ 
nation of test sample in ml, V 2 volume of 
Na 2 S 2 0 3 for determination of blank solution in 
ml, and m is mass of test portion in g (5 g). 

Results 

Experiments were performed by analyzing 
the samples for their cholesterol content. Apart 
from this, acid value, saponification value and 
peroxide value were also estimated. 

The cholesterol content was estimated by 
Lieberman-Burchard test. The results (Table 2) 
showed that palm oil contains the highest (804.5 
mg/L) among the tested samples and the lowest 
being Parachute coconut oil (179 mg/L). The 
study is useful to predict whether the edible oils 
used for cooking are responsible for cardiovas¬ 
cular related diseases. However, the study 
proved the safety of the tested samples. 

Acid value is a measure of the free fatty acids 
in oil. Normally, fatty acids are found in the 
triglycerides form, however, during processing 


the fatty acids may get hydrolyzed into free fatty 
acids. The higher the acid value found, the 
higher the value of the fatty acids which trans¬ 
lates into decreased oil quality. The study (Table 
3) showed that Palm oil (2.7803 mg KOH/g) have 
the highest acid value followed by Vimal mus¬ 
tard oil (2.3090 mg KOH/g) and Gokul soya bean 
oil (2.1273 mg KOH/g) and the lowest being Best 
Choice refined soya bean oil (0.9828 mg KOH/g). 

Saponification value is an indication of the 
molecular weights of triglycerides in oil and in¬ 
dicates high proportion of lower fatty acids since 
it is inversely proportional to the average mo¬ 
lecular weights or chain length of the fatty acids. 
Therefore, shorter the average chain length, the 
higher is the saponification number. Table 4 
showed that Vanaspati Dalda has significantly 
lowest saponification value (108.974 mg KOH/g) 
and hence are not suitable for human nutrition. 

Peroxide value is a measure of oxidation dur¬ 
ing storage and the freshness of lipid matrix. In 
addition, it is a useful indicator of the early 
stages of rancidity occurring under mild condi¬ 
tion and it is a measure of primary lipid oxida¬ 
tion products. One of the most important pa¬ 
rameters that influence lipid oxidation is the 
degree of unsaturation of its fatty acids. When 
double bonds of unsaturated fats are oxidized, 
peroxides are among the oxidation products 
formed. High peroxide value is an indicator of 


Table 3 | Acid value of the samples. Data analyzed by one-way ANOVA followed by Tukey-Kramer test for n=3. 


SI no 

Samples 

MeanlSEM 

Acid Value 
(mg KOH/g) 

1 

Best Choice refined soya bean oil 

1.46±0.05 

0.9828 

2 

Dhara refined soya bean oil 

1.8±1.327 

1.2117 

3 

Nutrela refined soya bean oil 

1.610.10 

1.0771 

4 

Gokul soya bean oil 

3.1610.057*** 

2.1273 

5 

Vimal mustard oil 

3.4310.577*** 

2.3090 

6 

Olive oil 

1.8310.10 

1.2319 

7 

Parachute coconut oil 

1.6610.057 

1.1175 

8 

Palm oil 

4.1310.57*** 

2.7803 

9 

Amul butter 

2.0310.05 

1.3665 

10 

Amul ghee 

1.510.173 

1.0098 

11 

Vanaspati ghee 

1.7310.28 

1.1646 

12 

Vanaspati dalda 

2.110.17 

1.4137 


***P<0.001, **P<0.01, *P<0.05. 
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Table 4 | Saponification value of the samples. Data analyzed by one-way ANOVA followed by Tukey-Kramer test for 
n=3. 


SI no 

Samples 

MeantSEM 

Acid saponification 
value (mg KOH/g) 

1 

Best Choice refined soya bean oil 

46±1.00 

126.225 

2 

Dhara refined soya bean oil 

46.5±0.30 

119.212 

3 

Nutrela refined soya bean oil 

45.9±0.10 

127.627 

4 

Gokul soya bean oil 

45.73±0.25 

130.012 

5 

Vimal mustard oil 

46.03±0.35 

125.805 

6 

Olive oil 

46.4±0.40 

120.615 

7 

Parachute coconut oil 

41.83±0.76 

184.709 

8 

Palm oil 

42.4±0.80 

176.715 

9 

Amul butter 

38.4±5.40 

232.815 

10 

Amul ghee 

43.6±0.36 

159.885 

11 

Vanaspati ghee 

43.93±0.90 

155.256 

12 

Vanaspati dalda 

47.23±0.25* 

108.974 

***P<0.001, **P<0.01, *P<0.05. 


Table 5 | Peroxide value of the samples. Data analyzed by one 

-way ANOVA followed by Tukey-Kramer test for n=3. 

SI no 

Samples 

MeantSEM 

Peroxide value 
(meg peroxide/g) 

1 

Best Choice refined soya bean oil 

6.7610.145*** 

9.52 

2 

Dhara refined soya bean oil 

7.9310.348*** 

11.86 

3 

Nutrela refined soya bean oil 

11.5610.284*** 

19.12 

4 

Gokul soya bean oil 

4.8310.166* 

5.66 

5 

Vimal mustard oil 

8.810.152*** 

13.6 

6 

Olive oil 

3.6610.166 

3.32 

7 

Parachute coconut oil 

3.5310.202 

3.06 

8 

Palm oil 

8.5610.233 

13.12 

9 

Amul butter 

7.610.208*** 

11.2 

10 

Amul ghee 

5.610.264 

7.2 

11 

Vanaspati ghee 

6.510.288 

9 

12 

Vanaspati dalda 

9.510.288*** 

15 


***P<0.001, **P<0.01, *P<0.05. 


oxidation level and the greater the peroxide 
value, the more oxidized the oil is. Table 5 
showed that Nutrela refined soya bean oil has 
significantly high peroxide value (19.12 meg per¬ 
oxide/kg) and hence high degree of unsatura¬ 
tion. This observation helps to suggest that Nu¬ 
trela refined soya bean oil has high content of 
unsaturated fatty acids, linoleic and oleic acid 
which is responsible for oxidative rancidity. 


Discussion 

The experiment was performed with an ob¬ 
jective of quantification of cholesterol level in 
different edible oils available in local market of 
Mizoram by using a simple Liebermann- 
Burchard method. All the samples were found to 
contain cholesterol in a closely related amount. 
Daily requirements of cholesterol are estimated 
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to be approximately 300 mg per day and thus 
showing the tested samples to be within the 
safety level. 

Mizoram cuisine constitutes use of cooking 
oil as a prime ingredient either in household or 
in business. However, with the uprising health 
problems related to cholesterol, it is essential to 
have a clear clarification on the edible oils con¬ 
sumed as to know their safety towards the re¬ 
lated illness. On which, one can choose or de¬ 
cide a safe route for his health and thus practice 
necessary precautions in order to avoid certain 
outcomes. 

In order to maintain a body from possible ill- 
problems related to cholesterol, the following 
assumptions may be considered. First and sim¬ 
plest way to reduce cholesterol in the blood is to 
eat foods containing low cholesterol. Second, 
reducing the total calorie intake and by decreas¬ 
ing the amount of ordinary fat in the diet which 
usually causes reduction of the blood cholesterol 
concentration. Third, controlling the amount 
and type of fats consumed in the diet without 
altering calorie intake by choosing polysatu- 
rated/vegetable oils instead of saturated fats/ 
oils. 10 
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Introduction 

In context of sustainable agricultural produc¬ 
tion, soil testing is very important as it provides 
the conditions of available nutrients which indi¬ 
cates the fertility and productivity of the soils. 1 
Nitrogen, phosphorus, potassium are important 
elements that dictate its fertility and yields of 
the crops. 2 Agricultural lands are multifunc¬ 
tional, providing a range of regulating, support¬ 
ing and cultural ecosystem services in addition 
to food, fodder, fuel and fibre. This ‘underscores 
the need to manage agricultural areas as multi¬ 
functional systems... not as ecological sacrifice 
zones’. 3 


Soil fertility is the capacity of a soil to supply 
essential plant nutrients in adequate amounts to 
facilitate optimum growth and production of a 
crop. Typically, inorganic nutrients such as N, P 
and C are usually found at high concentration 
due to the anthropogenic influence (e.g. fertiliza¬ 
tion, wastewater, agricultural procedures). 4 It 
was observed that the nutrient concentration 
changes along the crop cycle, very much related 
to the agricultural techniques used in the rice- 
fields as well as with the sediment status. Soil 
fertility and quality play a pivotal role in achiev¬ 
ing the promising yield of the crops. However, 
unless properly managed, soil fertility as well as 
quality decline drastically with intensive farm- 
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ing. Maintenance of soil fertility is therefore very 
important for sustaining high yields of vegeta¬ 
tion. In this line, a soil test can be an important 
management tool in developing an efficient soil 
fertility program and monitoring a field for po¬ 
tential soil and water management problems. A 
soil test provides basic information on the nutri¬ 
ent supplying capacity of the soil. The objective 
of this paper was to analyze the trend in fertility 
status of a paddy field of North Vanlaiphai, 
Mizoram with respect to seasonal variations. 

Soil enzymes increase the reaction rate at 
which plant residues decompose and release 
plant available nutrients. The enzymatic reac¬ 
tion releases a product, which can be a nutrient 
contained in the substrate. Sources of soil en¬ 
zymes include living and dead microbes, plant 
roots and residues, and soil animals. Enzymes 
stabilized in the soil matrix accumulate or form 
complexes with organic matter (humus), clay, 
and humus-clay complexes, but are no longer 
associated with viable cells. Enzymes respond to 
soil management changes long before other soil 
quality indicator changes are detectable. Soil 
enzymes play an important role inorganic mat¬ 
ter decomposition and nutrient cycling. Some 
enzymes only facilitate the breakdown of or¬ 
ganic matter (e.g., hydrolase, glucosidase), while 
others are involved in nutrient mineralization 
(e.g., amidase, urease, phosphatase, sulfates). 
The relationship may be indirect considering 
nutrient mineralization to plant available forms 
is accomplished with the contribution of en¬ 
zyme activity. 

Methodology 

Analysis of soil physico-chemical parameters 

Soil pH, bulk density, water holding capacity 
and soil moisture content was determined by 


using the method of Bashour and Sayegh 5 . Soil 
organic carbon, total soil nitrogen, available 
phosphorus was estimated by the method de¬ 
scribed by Walkley and Black 6 , Jackson et al. 7 and 
Olsen et al. 8 respectively. Soil enzymes, dehydro¬ 
genase, Phosphatase and urease were deter¬ 
mined by using the method of Casida et al. 9 Ta- 
batabai et al. 10 and Me Garity et al. 11 , respectively. 

Statistical analysis 

All data are presented as means of three rep¬ 
licates with standard error. Differences between 
variables were tested with standard one-way 
analysis of variance (ANOVA), significant differ¬ 
ences existed in all the parameters except pa¬ 
rameter 3 that is Bulk density (Table 4). Differ¬ 
ences were considered as significant at P < 0.05 
levels. The statistical analyses were performed 
using SPSS software (Standard release version 16 
for windows, SPSS Inc., IL, USA). 

Results and Discussion 

Soil parameters were studied in different sea¬ 
sons of the year viz. rainy season, winter and 
summer. Results showed that all the soil pa¬ 
rameters varied under the influence of seasonal 
variations (Table 1 & 2). The pH of the soil found 
to be lowest in rainy season (4.7), followed by 
winter and highest in summer (5.29). Decreased 
pH during rainy season may be due to decompo¬ 
sition of organic matter which releases organic 
acids leading to leaching of bases under prevail¬ 
ing high rainfall. 12 ' 13 Soil organic carbon; soil or¬ 
ganic matter and total soil nitrogen were highest 
during rainy season. During this study period, 
amount of nitrogen in kg ha' 1 followed the order 
rainy season (0.27)>winter (0.17)>summer (0.14). 
When soil is warm and moist, decomposition 
proceeds rapidly and nitrogen released from 


Table 1 | Soil physical properties. 


Soil properties 

Rainy season 

Winter 

Summer 

Temperature (°C) 

25.27 ±0.08 

19.33 ±0.23 

25.97 ±0.22 

Moisture Content (%) 

77.8 ±2.90 

46.65 ± 1.81 

8.03 ±0.11 

Bulk Density (gm/cm 3 ) 

0.91 ±0.02 

1.05 ±0.02 

1.03 ±0.03 
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Table 2 | Soil chemical properties. 


Soil properties 

Rainy season 

Winter 

Summer 

Soil pH 

4.7 ±0.01 

4.87 ±0.07 

5.29 ±0.00 

Soil organic carbon (%) 

2.86 ±0.04 

1.34 ±0.00 

1.02 ±0.03 

Soil organic matter (%) 

4.93 ±0.08 

2.31 ±0.00 

1.76 ±0.06 

Total soil nitrogen (%) 

0.27 ±0.00 

0.17 ±0.00 

0.14 ±0.00 

Available phosphorus (kg/ha) 

3.96 ±0.04 

4.23 ±0.02 

3.64 ±0.05 

Exchangeable potassium (kg/ha) 

136.38 ±3.05 

135.43 ± 1.24 

151.3 ±1.11 


Table 3 | Soil enzyme activity. 


Enzymes 

Rainy season 

Winter 

Summer 

Dehydrogenase (pig TPF/gm dry soil/24hrs) 

0.81 ±0.06 

0.13 ±0.00 

0.09 ± 0.00 

Phosphatase (pig p-NPP/gm dry soil/hr) 

89.86 ± 1.70 

49.36 ±1.34 

48.73 ±0.78 

Urease (NH4 + -N/ml/3hrs) 

1.10 ±0.01 

0.84 ± 0.00 

0.56 ±0.00 


Table 4 | One-way analysis of variance (ANOVA). 


SI. No. 

Parameters 

Source of variance 

f-value 

p-value 

1 

Soil temperature 

Rainy season X Winter X Summer 

178.4229* 

.000005* 

2 

Soil moisture content 

-do- 

156.0891* 

.000007* 

3 

Bulk density 

-do- 

3.5191 

.097453 

4 

Soil pH 

-do- 

21.9284* 

.001743* 

5 

Soil organic carbon 

-do- 

382.6270* 

.000000* 

6 

Soil organic matter 

-do- 

388.1868* 

.000000* 

7 

Total soil nitrogen 

-do- 

259.4000* 

.000001* 

8 

Available phosphorus 

-do- 

27.4648* 

.000955* 

9 

Exchangeable Potassium 

-do- 

9.7898* 

.012905* 

10 

Dehydrogenase 

-do- 

125.4613* 

.000013* 

11 

Phosphatase 

-do- 

227.8959* 

.000002* 

12 

Urease 

-do- 

533.4444* 

.000000* 


crop residues may be significant, but when soil 
is cold or very dry, nitrogen released may be 
lesser. 14 

Percentage of soil organic carbon and soil 
organic matter followed the order rainy season 
(2.86 and 4.93)>winter (1.34 and 2.31)>(1.02 and 
1.76), respectively. Soil carbon content is posi¬ 
tively correlated with soil organic matter. 15 Low 
level of phosphorus and potassium may be at¬ 
tributed to removal of crop residues and grazing 
of livestock, 16 leaching from poor sandy soil, 17 
and due to high rainfall. 18 

Soil enzymes showed the same trend in our 
data (Table 3), highest in rainy season and low¬ 


est during summer. Soil enzymes have varying 
optimum pH and temperature at which they 
function most efficiently. Their structure and 
substrate binding ability can be altered by heat 
and extreme cold temperature. The activity of 
many soil enzymes often correlates with soil 
moisture content, drought may suppress en¬ 
zyme activity. Chhonkar et al. 19 described posi¬ 
tive correlation of phosphates activity with soil 
organic carbon and negative correlation with 
soil pH. Soil enzymes activity can be related to 
soil organic matter and total soil nitrogen. 20 ' 21 All 
these features could be attributed to the in¬ 
creased amount of enzyme activity during rainy 
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season and decreased rate during summer. 

Conclusion 

The comparative study of biochemical and 
physico-chemical properties of N. Vanlaiphai 
paddy field soil during the three seasons’ viz. 
rainy, winter and summer, showed significance 
(p<0.05) variation among all the parameters ex¬ 
cept bulk density. It t is assumed that different 
seasonal pattern has effect on biochemical and 
physico-chemical properties of the soil. 
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In this study, two-occasion successive sampling for ratio-to-regression estimator was used to 
determine the current estimate of the population mean using only the matched part and one 
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Introduction 

In a sample survey, it is often seen that sam¬ 
ple surveys are not limited to one time enquir¬ 
ies. If the value of study character of a finite 
population is subject to change over time, a sur¬ 
vey carried out on a single occasion will provide 
information about the characteristics of the sur¬ 
veyed population on the given occasion only and 
cannot give any information on the nature or 
the rate of change of the characteristics over all 
the occasions or more recent occasion. Data re¬ 
garding changing properties of the population of 
cities or countries, such as unemployment sta¬ 
tistics, are collected regularly on a sample basis, 
to estimate the change from one occasion to the 


next or to estimate the average over certain pe¬ 
riod. An important aspect of continuous survey 
is the structure of the sample on each occasion. 
To meet these requirements, successive sam¬ 
pling provides a strong tool for generating reli¬ 
able estimates on different occasions. When the 
same population is sampled repeatedly the sam¬ 
pler is in an ideal position to make realistic esti¬ 
mates, both of costs and of variances and to ap¬ 
ply the technique that leads to optimum effi¬ 
ciency of sampling. 1 The successive sampling is 
a known technique that can be used in longitu¬ 
dinal survey to estimate the population parame¬ 
ters and measurements of difference or change 
of a study variable. 

Successive sampling is used extensively in 
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applied sciences, social sciences and economic 
research. There are several types of procedures 
to adopt for estimating the population parame¬ 
ters: 

The same sample may be used on each occa¬ 
sion. 

A new sample may be taken on each occa¬ 
sion. 

A part of the sample may be retained while 
the remainder of the sample may be drawn 
afresh. 

A sub sample of the original sample on the 
second occasion. 2 

Generally, the main objective of successive 
surveys is to estimate the change with a view to 
study the effects of the forces acting on the 
population. 3 

Here some conditions to consider are that; 

For estimating change from one occasion to 
the next, it may be best to retain the same sam¬ 
ple on each occasion 

For estimating the mean on each occasion, it 
may be best to draw a fresh sample on each oc¬ 
casion, and 

If it is desired to estimate the mean on each 
occasion and also the change from one occasion 
to the next, it may be best to retain part of the 
sample and draw the remainder of the sample 
afresh. 

A large part of sample survey theory has 
been directly motivated by practical problems 
encountered in the design and analysis of large 
scale sample surveys. Major advances have 
taken place in handling both sampling and non¬ 
sampling errors as well as data collection and 
processing. Since then considerable amount of 
work has been done in the direction of providing 
improved estimators in survey sampling. The 
sampling on two-occasion was first considered 
by Jessen 4 for the estimation of current popula¬ 
tion mean. Patterson 2 studied a method of par¬ 
tial matching to estimate the mean on each oc¬ 
casion and also the change from one occasion to 
the next. 

Rao and Graham, 5 Gupta, 6 and Sen 7 developed 
estimators for the population mean on the cur¬ 
rent occasion using information on two auxiliary 
variables available on the previous occasion. 


Sen 8 ’ 9 extended his work for several auxiliary 
variates. Singh and Talwar 10 and Singh and 
Singh 11 used the auxiliary information on cur¬ 
rent occasion for estimating the current popula¬ 
tion mean in two occasion successive sampling. 

Singh and Priyanka 12 ' 14 proposed varieties of 
chain-type ratio, difference and regression esti¬ 
mators for estimating the population mean at 
current (second) occasion in two occasion suc¬ 
cessive sampling. 

Eze et a I. 15 studied successive sampling for 
regression estimation to determine the current 
estimate of the population mean, minimum 
variance, maximum precision, estimate of 
change between the two successive occasions 
under consideration and estimate of average 
over the period of two occasions. Also the used 
of successive sampling to determine the current 
estimate of the mean, minimum variance, esti¬ 
mate of change between the two successive oc¬ 
casions and estimate of average over the period 
of the two occasions was studied. 16 

The intention of this paper is therefore to 
find out if the combined ratio-to-regression and 
ratio estimator 17 has a greater efficiency than 
the chain-type ratio estimator, 18 mean per unit 
estimator and combined estimator when no 
auxiliary information is used at any occasion 
suggested by Cochran. 1 

Materials and Method 

Data used 

The data used for this study is from the re¬ 
cords of the total number of female workers and 
the total number of literate female in villages in 
the state of Mizoram, Census of India 2001 and 
2011. 19 

Methodology 

The variables x(y) were defined as the total 
number of female workers in villages in the 
state of Mizoram, India in 2001 (2011) and z is 
defined as an auxiliary variable which is the to¬ 
tal number of literate female in villages in the 


75 


Sci Vis 18 (2), 74—77 (2018) 


state of Mizoram, India. 

Consider a population consisting of N units. 
Let a character under study on the first (second) 
occasion be denoted by x(y), respectively. It is 
assumed that the information on an auxiliary 
variable z is available on the first as well as on 
the second occasion. It is also assumed that the 
population to be large enough, and the sample 
size is constant on each occasion. Using simple 
random sampling without replacement 
(SRSWOR) select a sample of size n on the first 
occasion. Of these n units, a sub-sample of size 
m=nx is retained on the second occasion. This 
sub-sample is supplemented by selecting an 
SRSWOR of u=(n-m) = np units afresh from the 
units that were not selected on the first occa¬ 
sion. 

Results 

From the data used, using two occasion suc¬ 
cessive sampling a random sample of 70 villages 
was selected from a population of 669 villages 
on each occasion, this comprises of 35 matched 
villages and 35 unmatched villages in the state 
of Mizoram. 

Table 1 | Relative Efficiency (%) of T with respect to 


estimators T, y n and y 2 . 


Estimators 

Estimates 

MSE 

Efficiency 

% 

T 

Pi 

146 

107.49 

100 

T 

139 

344.65 

320.62 

y n 

130 

373.54 

347.50 

y 2 

130 

304.81 

283.56 


where 

T pi is a combined estimator proposed by Ralte 
and Das, 17 

T is a combined estimator proposed by Singh, 18 
y n is mean per unit estimator, and 

y 2 is a combined estimator suggested by 


Cochran 1 when no auxiliary information is used 
at any occasion. 

Conclusion 

From the table in the above section, the 
combined ratio-to-regression and ratio estimator 
i.e. T pi is more efficient than the other existing 

three estimators viz. T, y n and y 2 with 

maximum gain in efficiency occurring while 
comparing with mean per unit estimator, which 

is very obvious. Hence, the estimator T Pi is 

recommended for further practical use. 

References 

1. Cochran, W. G. (1977). Sampling Techniques (3 rd ed.). 
Wiley Eastern Ltd. 

2. Patterson, H. D. (1950). Sampling on successive occa¬ 
sions with partial replacement of units. Journal of the 
Royal Statistical Society 12(B), 241 - 255. 

3. Singh, D. & Chaudhary, F.S. (1986). Theory and Analy¬ 
sis of Sample Survey Designs (i st ed.). New Age Interna¬ 
tional (P) Ltd. 

4. Jessen, R.J. (1942): Statistical investigations of a sample 
survey for obtaining farm facts. Journal of Agricultural 
Experiment Station Research Bulletin 304, 1-104. 

5. Rao, J.N.K. & Graham, Jack E. (1964). Rotation designs 
for sampling on repeated occasions. Journal of Ameri¬ 
can Statistical Association 59, 492-509. 

6. Gupta, P.C. (1979). Sampling on two successive occa¬ 
sions. Journal of Statistical Research 13, 7-16. 

7. Sen, A.R. (1971). Successive sampling with two auxiliary 
variables. Sankhya 33(B), 371-378. 

8. Sen, A.R. (1972): Successive sampling with p (p>i) aux¬ 
iliary variables. The Annals of Mathematical Statistics 
43, 2031-2034. 

9. Sen, A.R. (1973). Theory and application of sampling 
on repeated occasions with several auxiliary variables. 
Biometrics 29, 381-385. 

10. Singh, P. & Talwar, H.K. (1991). Estimation of popula¬ 
tion regression coefficient in successive sampling. Bio¬ 
metrical Journal 33,599-605. 

11. Singh, G.N. & Singh, V.K. (2001). On the use of auxil¬ 
iary information in successive sampling. Journal of the 
Indian Society of Agricultural Statistics 54(1), 1-12. 


76 








Sci Vis 18 (2), 74—77 (2018) 


12. Singh, G.N. & Priyanka, K. (2006). On the use of chain- 
type ratio to difference estimator in successive sampling. 
International Journal of Applied Mathematics and 
Statistics 5(So6), 41-49. 

13. Singh, G.N. & Priyanka, K. (2007). On the use of auxil¬ 
iary information in search of good rotation patterns on 
successive occasions. Bulletin of Statistics and Economics 
i(Ao7), 42-60. 

14. Singh, G.N. & Priyanka, K. (2008). On the use of sev¬ 
eral auxiliary variates to improve the precision of esti¬ 
mates at current occasion. Journal of the Indian Society 
of Agricultural Statistics 62(3), 253-265. 

15. Eze, S.O., Amahia, G.N., Olayiwola, O.M. & Adewara, 
A. A. (2011). Efficiency of second occasion over first occa¬ 
sion on successive sampling for regression estimation. 
Journal Mathematics Research 3(2), 235-242. 


16. Anieting, A.E. & Ezugwa, V.O. (2013). Estimation of the 
current occasion parameters using successive sampling 
approach. American Journal of Engineering Research 2 
(9), 204-207. 

17. Ralte, Z. & Das, G. (2015). Ratio-to-regression estimator 
in successive sampling using one auxiliary variable. Sta¬ 
tistics in Transition 16(2), 183-202. 

18. Singh, G.N. (2005). On the use of chain-type ratio esti¬ 
mator in successive sampling. Statistics in Transition 7 
(1), 21-26. 

19. Census of India 2001 and 2011. www.cesusindiagov.in 


77 


Sci Vis 18 (2), 78—80 (2018) 



SCIENCE VISION 




open/71 

| Research 

Note 



Sightings of chestnut-flanked white-eye Zosterops 
erythropleurus : First report from Mizoram, India 


Lalawmawia Sailo 1 *, Lawmsangzuala Chhangte 2 , Rochamliana Aineh , 3 H. Lalthanzara 4 


department of Zoology, Mizoram University, Aizawl 796004, India 
2 Khatla, 3 Chanmari, Aizawl 796001, India 

department of Zoology, Pachhunga University College, Aizawl 796001, India 
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Chestnut-flanked white-eye Zosterops 
erythropleurus (Swinhoe, 1863) belongs to the 
family Zosteropidae. This diverse old world pas¬ 
serine family constitute a group of small, gre¬ 
garious, arboreal birds having a wide range of 
distribution occupying tropical, sub-tropical and 
temperate Sub-Saharan Africa, southern and 
eastern Asia, Australasia and the tropical islands 
of the Indian Ocean, the western Pacific Ocean, 
and the Gulf of Guinea region. 1 Although they 
occupy wide range of geographical area, mor¬ 
phological variation within the family is negligi¬ 
ble, leading most members to be homogenous in 
appearance. The member of Zosteropidae exhib¬ 
its remarkable uniformity in their morphology 
with greenish-olive above and pale grey below. 

As their common name suggest, many spe¬ 
cies have a conspicuous white ring of tiny white 
feathers around the eyes. The size of this white 
eye-ring may differ between species, being 


highly conspicuous in some taxa and reduced or 
absent in other species. Some species have a 
bright yellow throat, white or cream coloured 
breast and several have buff flanks. 1 All species 
of the family Zosteropidae are highly sociable 
and form large flocks that separate on the onset 
of the breedingseason. 2 Species belonging to the 
family Zosteropidae are very vocal, but tend to 
have weak rather simple vocalizations that can 
be carried far. Zosteropidae are mainly insec¬ 
tivorous, but can be generalist eating nectar and 
fruits of various kinds. 2 

Chestnut-flanked white-eye Z. erythropleurus 
is a resident of Cambodia, China, Hongkong, Ko¬ 
rea, Democratic People’s Republic of Korea, Laos, 
Myanmar, Russia, Thailand and Vietnam. 3 Ot- 
gonbayar et al. 4 also reported the first sighting of 
Z. erythropleurus from Mongolia. 

This report put forward and confirmed the 
presence of chestnut-flanked white-eye Z. 
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Figure 1 | Chestnut-flanked white ey eZosterops erythropleurus at Chaltlang, Aizawl. 



Figure 2 | Chestnut-flanked white eyeZ erythropleurus at Murlen National Park. 
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erythropleurus in Mizoram and also the first pho¬ 
tographic record of the species from the Indian 
sub-continent. The chestnut-flanked white-eye 
Z. erythropleurus was first sighted on the 6 Febru¬ 
ary 2015, 0856 hrs at a cliff top mixed vegetation 
of bamboo and small trees inside the area of 
Chaltlang locality of Aizawl city. The mix flock 
comprise of two Z. erythropleurus and six Z. palpe- 
brosus. The encounter site is at an elevation of 
1103.07 m above sea level with geo-co-ordinate 
23°45’09.13”N 92°43’20.40”E. The sighting was 
not supported by a high quality photograph 
which leaves the authors puzzled with the con¬ 
firmation of the species. The photograph (Fig. 1) 
from the first sighting was inferior in quality due 
to the poor visibility with a thick fog. Two indi¬ 
viduals of Z. erythropleurus were encountered 
among the flock of Oriental white-eye Z. palpe- 
brosus , a commoner in the area. 

The second and third author re-confirmed 
the species Z. erythropleurus with photograph 
from Murlen National Park located on the east¬ 
ern side of Mizoram on the 16 and 18 January 
2018. At around 1015 hrs in a bright morning, 
five Z. erythropleurus were seen among the flock 
of 40 Z. palpebrosus (Fig. 2) feeding on the nectar 
of Leucosceptrum canum (local name: kawi- 
hthuang) at 23°38 , 54.19”N 93°17’28.80”E at an 
elevation of 1640.73 m. 

The sightings from the state of Mizoram are 
only during the winter months which suggest 
that the birds are migrating from their home 
range and are readily forming a mixed flock with 
the closely related resident species of the family. 


Acknowledgement 

The authors convey their heartiest gratitude 
to the Range Officer and Staffs of Murlen Na¬ 
tional Park and to all those who extend their 
help during the study. 

References 

1. Van Balen, B. (2008). Family Zosteropidae (white eye). 
Pp. 402-485 in J. del Hoyo, A., Elliott, J., and Christie, 
D. A., eds, (2008). Handbook of the Birds of the World , 
13, Barcelona: Lynx Editions. 

2. Moreau, R.E. (1957) Variation in the western Zosteropi¬ 
dae (Aves). Bulletin of the British Museum, 4, 318-433. 

3. BirdLife International. (2016). Zosterops erythropleurus. 

The IUCN Red List of Threatened Species 2016: 
e.T227i4027A94398o6o. http://dx.d0i.0rg/10.2305/ 

IUCN.UK.2016- 

3.RLTS.T22714027A94398060.cn. Downloaded on 25 
January 2018. 

4. Otgonbayar, B., Suuri, B., & Reading, R.P. (2013). 
Chestnut-flanked White-eye Zosterops erythropleurus: 
First record for Mongolia. Birding Asia 20, m-112. 


80 


Sci Vis 18 (2), 81-82 (2018) 



SCIENCE VISION 


21 st MAS General Body Meeting cum seminar on Science and 
Technology for a Sustainable Future 


21 st MAS General Body Meeting cum seminar on Science and Technology for a Sustainable Future 
was on 30 April 2018 at the Seminar Hall, Pachhunga University College, Aizawl, Mizoram. The 
seminar was funded by the National Council for Science & Technology Communication, Department 
of Science and Technology, New Delhi, through Directorate of Science and Technology, Government 
of Mizoram. Keynote address was delivered by Dr R. K. Lallianthanga, MAS Chief Patron and Chief 
Scientific Officer, DST. Technical presentation was made by Dr Aldrin Malsawmtluanga, MAS 
Governing Body member and Scientific Officer, DST. Thesis presentations from new PhD holders were 
a bonus. 

The General Body meeting included election of new Office Bearers for 2018-2010 term as follows: 
President Dr Vice-President Dr H. Lalthanzara 

Secretary Dr Lalrokima Chenkual Asst. Secretary Dr K. Lalchhandama 

Treasurer Dr Esther Lalhmingliani Finance Secretary Dr John Zothanzama 



MAS OBs and Chief Patron (L-R) | H. Lalruatsanga, Lalrokima Chenkual, 
Esther Lalhmingliani, R.K. Lallianthanga, K. Lalchhandama, H. Lalthanzara , 
John Zothanzama 
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